INTRODUCTION
Forensic dentistry, especially the comparison of dental characteristics and dental treatments, is the key to identification of a great number of individuals. It is one of the most effective methods for identifying humans after disasters because the teeth and their treatments often survive environmental conditions that destroy other identifying features. 1 Complete and detail -rich antemortem and postmortem data make such identifications more plausible. 2 The combination of the anatomical variability of the teeth among individuals with the several types of dental treatment performed creates numerous dental patterns. 3 Adams (2003) 4 showed the necessity of exploring the dental diversity patterns (missing, filled, and higid teeth) for forensic identification when the more frequently used statistical methods are inaccurate or inappropriate. He used statistical arguments based on the number of possible combinations of dental characteristics to suggest that an individual's dental health pattern should be more frequently used for identification due to its singularity. Forensic comparisons of non-radiographic dental evidence antemortem and postmortem have been substantiated on the subjective judgment of the dentist that could not be statistically quantified, through these dental patterns the evaluation is objective and easily interpretable.
combination and the consequent derivation of dental diversity patterns that enable high levels of identification. Biazevic et al. (2011) 7 analyzed the national survey of oral health performed in Brazil in 2003, verified the dental diversity patterns in the Brazilian population, and analyzed the application of these patterns in different age groups (adolescents, adults, and elderly individuals) using the total and conditional diversity. They concluded that this epidemiological analysis improved the utility of dental patterns as an auxiliary scientific method for human identification. Based on analysis of large datasets, it is possible to verify dental diversity of a population. 3, 4, 8 In Brazil, The National Oral Health Survey carried out in 2010 verified the oral health condition of Brazilian people and found that the DMF (decayed, missing, and filled teeth) index of Brazilian adolescents had decreased from 6.1 in the survey performed in 2003 to 4.2, a 30% reduction. 9, 10 This finding motivated the present study, as it was necessary to determine whether this increase in the number of higid teeth could reduce the dental diversity among adolescents and thus compromise the discrimination potential of dental patterns in human identification. This research aimed to ascertain whether the improvement in the oral health and thus the dental profile of Brazilian adolescents (aged 15-19 years) would interfere with the use of established dental diversity patterns and its potential use for human identification with the larger goal of using cross -sectional studies of oral health to obtain parameters that are both accurate and suitable for forensic use.
MATERIALS AND METHODS
Brazil has an extensive territory, with 8,511,767,049 km 2 , divided into different five geographic regions, in which ethnic diversity and socio-economic inequality are strongly pronounced. The diversity of dental patterns of Brazilian adolescents (15 to 19 years) was analyzed using secondary data from the last two National Oral Health Surveys that recorded the following dental conditions and other oral health conditions: decayed tooth, periodontal condition, dental trauma, occlusion, dental fluorosis, use and necessity of prosthesis, socio-economic condition, use of dental care services, and oral health selfperception. The original sample was divided into 5 age groups (5, 12, 15 to 19, 35 to 44 and 65 to 74 years). These parameters of age groups, dental and oral health conditions were chosen in accordance with the criteria established by the World Health Organization (WHO). 9, 10 The representative sample of 15-to-19-year-old individualschosen as per WHO parameters -included in the epidemiologic survey comprised 16,833 subjects in 2003 and 5,367 in 2010. The data related to each of the 28 dental units, 14 teeth in the upper arch (17-27) and 14 in the lower arch (37-47), were described, and the condition of each tooth was verified and recorded as one of following: higid (H), decayed (D), filled (F), missing (M) or prosthesis (P). Intact teeth without caries were classified as H, teeth with some caries lesion(s) evident as D, filled teeth as F, teeth missing due to caries or another reason as M, and any total, removable, fixed prosthesis or dental crown as P. Non -erupted teeth, teeth with sealants, teeth with trauma, deciduous teeth, and teeth that could not be examined during the epidemiologic surveys for any reason were excluded. 9, 10 The coincidences observed in pairs of homologous teeth were classified according to the clinical condition (H, D, M, F, or P) and the subject's gender. The ordinary findings (present in more than 10% of the pairs) and extraordinary findings (present in less than 10% of the pairs) were described. Finally, the total diversity and the conditional diversity (calculated after the exclusion of all edentulous individuals and individuals with no missing or filled tooth) were estimated.
The original database was made available by the Health Ministry and included all of the information for all of the index ages and age groups studied in the national epidemiologic surveys. First, a new database was created that included only the information pertinent to the age group of interest (15-19 years of age). These data were transferred to a new spreadsheet using Microsoft Excel. The elaborated spreadsheet was then exported to the STATA 12.0 Program, which was used to prepare the database for the analysis. The national surveys of 2003 and 2010 had been submitted to and approved by the National Committee of Ethics in Research (CONEP).
RESULTS
The surveys of 2003 and 2010 included, respectively, 7,015 (41.67%) and 2,497 (45.85%) male and 9,818 (58.33%) and 2,948 (54.15%) female adolescents. Tables 1 and 2 compared to the results related to dental condition obtained from the 2003 Brazilian national oral health survey 7 show that the frequency of condition H increased between 2003 and 2010 for all of the teeth analyzed. The largest changes were for teeth 37 and 47, for which the frequency of H increased, respectively, from 51.06% to 84.39% and from 52.21% to 85.41% in males and from 46.11% to 82.35% and from 47.28% to 84.19% in females. However, the first molars continued to be the teeth least likely to present with condition H for both genders.
The frequencies of the other conditions decreased for all teeth in both genders, with a few exceptions. In males, the frequency of condition M increased for teeth 31 and 44 and the frequency of P for teeth 17, 27, and 33, while the frequency of P did not change for teeth 25, 31, and 44. In females, the frequency of condition M increased for teeth 34 and 44, while the frequency of P increased for tooth 21 and did not change for tooth 23.
In addition, the largest changes in the frequency of condition M were for the first lower molars and the largest changes in the frequency of condition F for the second molars in both genders.
The greatest coincidence among the homologous pairs was found for condition H (Table 3) in both genders. However, the analysis revealed that unlike the situation in 2003 7 , in which there were a few coincidences of P, in 2010 there were no coincidences of this condition among the males surveyed and only 2 cases of coincidence of homologous pairs among the females. The coincidence of condition M increased for pairs 14-24 and 34-44 and decreased for the remaining pairs in both genders, between 2003 and 2010.
In the male adolescents ( , we observed differences in the ordinary and extraordinary findings for teeth 17, 27, 37, 46, and 47. The conditions observed with greatest frequency (greater than 10%) included changes from HDF to H (teeth 17, 27, and 47), from HDFM to HDF (tooth 46), and from HDF to HD (tooth 37), while the conditions observed with lowest frequency included changes from MP to DMFP (teeth 17, 27, and 47), from P to MP (tooth 46), and from MP to MFP (tooth 37).
Data from the last National Oral Health Survey point that the adolescents exhibited a low prevalence of edentulism (0.04%) and a high rate of higid teeth (22.77%) (Data not shown in the tables). The female subjects presented with this condition at a frequency of 11.79% and the males at a frequency of 10.98%. This situation interfered with the analysis of the conditional diversity estimate (Table 5 ).
The dental diversity patterns are shown in Table 5 . Among females, the total diversity (28 teeth) changed from 0. 
DISCUSSION
The use of epidemiology as a planning and evaluation tool through the performance of nationwide research surveys enabling the collection of primary data on oral disease represents an advance in health care services. 11 The sampling plan for Brazilian adolescents decreased between the surveys of 2003 and 2010. While the first survey comprised 16,833 individuals (9,818 females and 7,015 males), the second included only 5,445 (2,948 females and 2,497 males) (data not shown in the tables). These differences are explained, among others, because the sample size in 2003 was calculated from caries estimates derived from the survey of 1986, as there was no sample models for other conditions, whereas in 2010 were used estimates for the average variance of the DMF index based on national oral health survey 2003 data. 11 Females predominated in both surveys.
9,10 These differences are attributable to the fact that the sample sizes of the two epidemiologic surveys were calculated from different estimates. Despite the different sizes of the samples of adolescents in 2003 and 2010, the samples were appropriately representative and the necessary statistical power was achieved, assuring the attainment of important results.
11
The teeth are recognized as one of the most individual characteristics of the human body. However, young people now experience fewer caries and require fewer restorative treatments than did previous generations. 1 Our study confirmed this fact: the frequency of condition H had increased in 2010 and was the most frequently reported of the conditions included in the survey.
The increase in the frequency of condition H and the concomitant decreases in the frequencies of the other DMFP conditions (with some exceptions) for all of the teeth analyzed in Brazilian adolescents of both genders confirm the declining incidence of caries and the decrease in the need for dental prostheses, trends favored by both increases in access to services that benefit this age group and socio-economic factors. 11 The latter are important because social changes that minimize the inequalities in oral health and promote action related to the social determinants and common risk factors for dental disease tend to improve disease prevention. 12 The fact that the greatest coincidence among the homologous pairs corresponded to condition H of the anterior teeth has the potential to complicate the use of these teeth for human identification, as the majority of the dental patterns in use are derived from treatments for caries.
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Typical antemortem dental records may include radiographs, dental charts, intraoral photographs, dental casts and notes. Dental radiographs are one of the most desirable pieces of antemortem evidence, but they are not always available, and the comparison of antemortem and postmortem data characteristics must be based on handwritten charts and notes. 4 This investigation is specifically concerned with non-radiographic dental comparison.
The rarity or lack thereof of the dental condition presented is related to the ordinary and extraordinary findings in an individual, which allow empirical comparisons to a database and make dental diversity patterns an objective method of identification. 4 The oral health of Brazilian adolescents has evolved, and this was reflected by the changes from 2003 to 2010 in the most (H) and least (D, F, M, and P) common findings. The value of the total dental diversity patterns decreased between 2003 and 2010 for the female adolescents but increased for the males. The result for the female sex was expected, as the number of higid teeth present increased; the apparent paradox for the male sex can be explained by the smaller sample size and underrepresentation of male respondents (46%) in the 2010 survey.
Due to the increased number of higid teeth, the conditional diversity was estimated by excluding the populations with conditions that complicate the diversity of the dental patterns (individuals with all higid teeth and edentulous individuals), which increased the discriminatory power to a level comparable with that of the sequence diversity of mitochondrial DNA. It must be considered, on the other hand, that dental conditions change over time, differently of DNA. The social inequities present in Brazil are evident from indicators of disease processes and the levels of access to services of the most vulnerable groups in several regions of the country. 15 The analysis of the regional patterns of diversity (Table 5) found the lowest values of total diversity in the southern and southeastern regions, as the lowest caries experience rates among adolescents were concentrated in these regions in both 2010 and 2003, while the highest frequencies of caries were found in the northeastern and central-western regions. 9, 10 There is no consensus about the threshold value at which dental diversity patterns are considered adequate for forensic purposes, although the quantitative statistical model for DNA, a highly effective method, provides some basis for comparison. The diversity of mitochondrial DNA depends on the population studied; some regional estimates of diversity are 0.964 (Portugal), 0.930 (Costa Rica), 0.981 (Mexico), 0.989 (USA), 0.997 (North American populations), and 0.997 (Spain). 6 Our research found that the patterns were more diverse for some of the populations examined, such as those in which all of the teeth were present, and less diverse for others, such as when only the superior or the inferior teeth were available, a not-uncommon situation after a mass disaster event. Other dental methods can also be used in these cases. 16 One problem that limits the use of dental pattern diversity for identifying human remains is the insufficient quantity or quality of ante-mortem dental data. 1, 7, 17 Other limitations of the present study include the lack of regional tables for the comparisons and the lack of data for other age groups that were not included in the epidemiologic surveys. Also, the protocol for human identification states that ante -and post -mortem data be compared; it's necessary to update dental information over time, since dental characteristics change due to natural progression. Identification by means of dental diversity will also require standardization of dental data records so that they can be analyzed and interpreted by forensic dentists in several countries. 18 This would increase the efficiency of the investigations and thus the potential for identifying victims after mass disasters. In addition, a national record of dental characteristics could help with the identification of missing people, as reported in Australia and in other countries. 19 The decrease in the conditional diversity patterns that occurred in both genders between 2003 and 2010 resulted from improvement in the oral health condition of Brazilian adolescents. 9, 10 Although this does not yet interfere with the potential of this method, the data indicate a progressive decrease in the frequency of teeth with dental treatments and a consequent decrease in the discriminating power of diversity patterns for human identification. These trends will necessitate both the development of other methodologies to potentiate the use of forensic dentistry and the selection of other dental morphological characteristics besides restorations for inclusion in future epidemiologic surveys in order to maintain the usefulness of dental characteristics for human identification.
At the end of this study, it is notable that the improvement of oral health condition in adolescents didn't interfere with the discriminant power of dental diversity patterns. Table 2 . The distribution of teeth according to dental condition and age group in females (H = higid; D = decayed; M = missed; F = filled; P = prosthesis) * p < 0.001 Association between sample and codes. 
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